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BACKGROUND TO THE INVENTION 



EpUepsy is one of the most common brain disorders. In its various clinical forms, it 
affects at least 2% of the population, at some time in their lives. Although epilepsy has 
5 long been thought to have a genetic basis, it has proven difficult to identify the relevant 
genes. 

Our research has, for the first time, identified the genetic cause of a form of partial 
epilepsy. Our research has led to the provision of diagnostic methods for Autosomal 
10 Dominant Nocturnal Frontal Lobe Epilepsy (ADNFLE), and also has implications with 
respect to pharmaceutical intervention. 

The epilepsies comprise a group of sjmdromes, that are divided into generalised and 
p£uiial (focal) types. Familial occurrence has long been recognised, but progress in 
15 mapping epilepsy genes has been slow, except for rare cases where the inheritance is 
easily determined from classical genetic studies. 

Our research centred on a large South Australian family, spanning six generations, with 
27 members affected by ADNFLE. 

20 

The disorder first manifests itself in early childhood, and persists throughout adult life. 
It is a form of partial epilepsy, causing frequent, violent brief seizures at night. 
ADNFLE is frequently misdiagnosed as nightmares, other sleep disorders, hysteria or 
non-epUeptic movement disorders. Becavise the problem always occurs at night, the 
25 disorder can be debilitating. 

Penetrance is 75%, and there is coiwiderable variation in the severity amongst affected 
family members. Severely affected family members rarely, if ever, have an 
uninterrupted night's sleep, and do not wake refreshed. 

30 
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By studying the pedigree of this South Australian family, we were able to assign the 
gene associated with ADNFLE to chromosome 20ql3.2-ql3.3. The relevant coding 
region is exon 5 of tiie CHRNA4 gene on that chromosome. 

The CHRN A4 gene encodes the a4 subimit of the neuronal nicotinic acetylcholine 
receptor (nAChR). A missense mutation in exon 5 of the CHRNA4 gene results in the 
complex aromatic amino acid phenylalanine being replaced by the neutral serine in the 
6th amino acid position of the transmembrane domain 2 (M2) of the a4 subunit of 
iW^ChR. This mutation has been found to be associated with ADNFLE. 

SUMMARY OF THE INVENTION 



The present invention provides a method for diagnosing ADNFLE. This method 
comprises: obtaining a sample of body fluid or tissue from a subject suspected of 

15 suffering from ADNFLE; isolating chromosomal material (DNA) from that sample; 
sequencing the CHRNA4 gene of chromosome 20ql3.2-ql3.3, at least in the region of 
exon 5; comparing that sequence to a reference sequence relating to the normal 
CHRNA4 gene; and thereby determining whether said subject has an ADNFLE- 
inducing mutation of the CHRNA4 gene. As an alternative to comparison with the 

20 normal sequence, the sample may be compared to a reference sequence relating to the 
specific abnormality suspected to be present. Mutations of interest are those which 
have the effect of changing the structure of one of the subunits of the neuronal nicotinic 
acetylcholine receptor (nAQiR), more especially the ion channel thereof. Of particular 
interest are mutations at codon 248, which have the effect of replacing serine by another 

25 amino acid (eg phenylalanine) in the sixth amino acid of the transmembrane domain 2 
(M2) of the a4 subunit of nAChR. However, there are other possible mutations that 
would lead to amino acid substitutions in tremsmembreine domain 2 or other parts of 
the gene which could cause epilepsy. 



3 



The amino acid sequence of the a4 subxinit of normal nAChR, and the DNA sequence 
coding therefor, are shown in Figures lA and IB respectively. The particular mutation 
identified in our study of a family affected by ADNFLE occxirs at codon 248 in a region 
coding for the ion channel of subunit a4 of nAOiR. The normal TCC codon, encoding 
5 serine, is replaced by TTC, encoding phenylalanine. 

Purified and isolated DNA molecxxles of particular interest are outlined in 
accompanying claims 1 to 6. 

10 This discovery of the a4 subunit of the nicotinic acetylcholine receptor (nAChR) as a 
defective gene in this form of epilepsy suggests new avenues for pharmacological 
treatment of epilepsy and the development of new anti-epileptic drugs. The 
acetylcholine system has not previously been implicated in human epilepsy. This 
finding strongly suggests tiiat agents that augment this system may be effective anti- 

15 epileptic agents in this and related epilepsies. Moreover, there is experimental evidence 
that anti-cholinesterase inhibitors such as physostigmine act as allosteric modulators of 
the nicotinic receptor, in addition to increasing acetylcholine availability. Thus, this 
class of drugs may represent a hitherto unknown group of effective anti-epileptic 
agents. Now, specific pharmacological agents can be developed to correct the known 

20 defect in this and related epilepsies. 

Accordingly, further aspects of the present invention are as foUows;- 

(a) A method of treating or preventing epilepsy, in particular ADNFLE, by 

25 administration of a pharmaceutical agent which has the effect of augmenting the 

acetylcholine system, eg by improving the function of the ion channel of the a4 
subunit of nAChR; and 

(b) A pharmaceutical agent for the prophylaxis or treatment of epilepsy, in 

30 particular ADNFLE, comprising a compotmd which has the effect of augmenting 

the acetylcholine system, eg by improving the function of the ion channel of the 
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a4 subunit of nAChR, together with conventional adjuvants and pharmaceutical 
vehicles. 

DETAILED DESCRIFnON OF THE INVENTIQM 

The gene for ADNFLE was assigned to chromosome 20ql3.2-ql3.3 in one large 
Australian kindred with 27 affected individuals (1). The neuronal nicotinic 
acetylcholine receptor a4 subunit (CHRNA4) maps to the same region of 20q (2). Its 
gene is expressed in all layers of the frontal cortex (3). CHRNA4 consists of sbc exons 
spanning approximately 10 kb of genomic DNA. Exon 5 contains the main coding 
region, including the agonist binding sites (4) and three of the four transmembrane 
domains. As a first step towards identification of the gene responsible for ADNFLE, 
genomic DNA from affected family members was screened for mutations within the 
CHRNA4 gene. To this end we designed primers for amplification of the coding 
regions directly from genomic DNA. It turned out that all the affected members of the 
ADNFLE family, together with three obligate carriers and two non-penetrant 
individuals, possessed a Ser248Phe mutation in the a4 subunit. 

The main coding region distributed in exon 5 of the CHRNA4 gene was amplified from 
the genomic DNA of ADNFLE patients belonging to the previously described 
chromosome 20 linked family (1). Altered mobUity in single strand conformation 
analysis (SSCA) was detected for two overlapping fragments (5). The fragments were 
subcloned and sequenced after amplification with vector specific primers (6). 
Furthermore, direct sequencing of PGR fragments from genomic DNA was performed. 
The clones carrying the aberrant allele showed a C to T transition (Figure 2). The 
missense mutation replaces the neutral serine by the complex aromatic phenylalanine in 
the sixth amino add position (homologous to Ser248 of the Torpedo a subunit; 7) of the 
fransmembrane domain 2 (M2). Database analysis showed that serine is conserved in 
this position in most of the other subunits of the human neuronal nicotiruc acetylcholine 
receptor (nAChR). Only in subunits a7 and a8, which diverged very early in the 
history of the multigene family of nAChR subunits and were found to liave distinct 
structural and pharmacological properties, serme is replaced by another amino acid 



residue (8). Furthennore, Ser248 is found in species evolutioneirily as diverse as the 
goldfish Carassius auratus and the locust Schistocerca gregaria (Figure 3). 

A PGR assay was developed, with one of the primers carrying a one base mismatch 
near the 3'-end, creating a new Hpall restriction site in the wild-type but not in the 
mutant allele (9). This allowed us to rapidly search for mutant alleles in all family 
members and in a control population. Furthermore, the nature of the mutation was 
confirmed by an independent test. The mutation was not present in two different 
control samples comprising a total of 333 individuals (232 randomly collected German 
blood donors and 101 unrelated Australian individuals). 

The mutant allele was foimd to cosegregate with the disease (Figure 4). All the 
clinically affected family members available for investigation carried the mutation. The 
unaffected family members tested, including nine spouses marrying into the family, 
were homozygous for the wild-type allele. The non-penetrant individuals III-l, III-3 
and III-IO, who are obligatory carriers of the disease gene, possessed the mutant allele. 
Individual VI-10 was unaffected at the age of 3 years. As the median age of onset of 
ADNFLE is 8 years, it is vmcertain if he is pre-symptomatic or a non-penetrant carrier. 
The unaffected individuals IV-4 and V-42 who are not obligatory carriers also proved to 
possess the mutant allele. This can be explained, again, by incomplete penetrance. The 
segregation of D20S19 alleles through this family gave a lod score of 9.29 at a 
recombination frequency of zero (1), which in the absence of flanking markers leads to a 
carrier risk of 94% or greater for IV-4, V-42 and VI-10. This was determined on the basis 
of a 90% support interval for the recombination frequency by a method as previously 
described (10). The M2 variant of CHRNA4 can be regarded as a genetic marker 
segregating in this family. The lod score between this marker and ADNFLE was 11.17 
at a recombination frequency of zero. 

Neiuronal nicotinic acetylcholine receptors (nAChRs) consist of heterologous pentamers 
comprising various combinations of approximately 10 subunits (a2- a8; [32- P4) which 
are differentially expressed throughout the brain to form physiologically and 
pharmacologically distinct receptors. In chicken and rat, the predominant nAChR 



subtype is composed of a4 and p2 subunits (11-13). The M2 segments of the subunits 
are arranged as a-helices and contribute to the walk of the neurotransmitter-gated ion 
channel. The a-helices appear to be kinked and orientated in such a way that the side 
chains of the highly conserved M2-leucine residues project inwards when the channel is 
closed. ACh is thought to cause a conformational change by altering the association of 
the amino acid residues of M2. The opening of the channel seems to be due to rotations 
of the gate forming side chains of the amino acid residues; the conserved polar serines 
and threonines may form the critical gate in the open channel (14-17). 

The missense mutation at Ser248 of the M2 segment of the CHRNA4 gene observed in 
this family with ADNFLE is unlikely to be an innocent polymorphism for a number of 
reasons. First, it is strongly linked to the ADNFLE locus and was not found in a large 
nimiber of controls. Second, the mutated serine is highly conserved, not only among 
different himian subtmits of the nicotinic acetylcholine receptor, but also in the 
corresponding subunits of other vertebrates and some nonvertebrates (Figure 3). Third, 
Ser248 residues from the five subxmits of nAChR appear to constitute a critical narrow 
ring in the transmembrane ion channel, and form the binding site of noncompetitive 
inhibitors including chlorpromazine and phencyclidine (14,17). Fourth, experimental 
mutations of Ser248 to valine or tyrosine decrease sodium and potassium conductance, 
and substitution of alanine alters the dissociation rate of channel blockers (14). The 
mutation in this family, replacing serine by the neutral complex aromatic 
phenylalanine, might similarly be expected to have a deleterious effect on the 
properties of the open channel. 



H.A. PhiUips et al.. Nature Genet. 10, 117 (1995). 
O.K. Steinlein et al.. Genomics 22, 493 (1994). 

A. Wavers et al.. Brain Res. Mol. Brain Res. 25, 122 (1994). 

C.W. Luetje, M. Piattoni, J. Patrick, Mol. Pharmacol. 444, 657 (1993). 

2.5 nl of the PGR products were mixed with 4(il of 95% formamide, 20 mM 
EDTA, 0.05% Xylene xyanol, 0.05% bromphenol blue. After heat denaturation, the 
fragments were separated overnight on a 10% polyacrylamide gel at room 
temperature or at 4°G and silver stained. PGR products showing a band shift 
were subdoned and analysed under the same SSCA (single strand conformation 
jmalysis) conditions to identify the clones carrying the mutant allele prior to 
sequaacing. Sequencing was performed either as double strand sequencing of 
miniprep DNA or as single strand sequencing of PGR products (which had been 
amplified with one of the primers biotinylated at the 5'-end) according to the 
Dyruibeads-Streptavidin protocol (Dynal) using Sequenase version 2.0 (USB). 

H. Hultman, S. Bergh, T. Moks, M. Uhlen, Biotechniques 10, 84 (1991). 

M. Noda et al.. Nature 299, 793 (1982). 

N. Le Novere and J.P. Ghangeux, J. Mol. Evol. 40, 155 (1995). 

Part of exon 5 was amplified using the following primers: 

A, 5'GGGGAGTGGGTGATGGTGG 3' and 

B, 5'GGTGAGCGAGAGCAGCCCG 3' with 32 cycles and an annealing 
temperature of 65°C. The mismatching third base on the 3' end of primer B was 
introduced to create an artificial Hpall restriction site in the wild-type but not in 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOm 

1. A purified and isolated DNA molecule comprising all or part of the CHRNA4 
gene of chromosome 20ql3.2-ql3.3, said molecule encoding a subunit of the neuronal 
nicotinic acetylcholine receptor (nAChR). 

2. A purified and isolated DNA molecule comprising all or part of the CHRNA4 
gene of chromosome 20ql3.2-ql3.3, said molecule encoding part or all of the ion 
channel of nAChR. 

3. A purified and isolated DNA molecule comprising all or part of the CHRNA4 
gene of chromosome 20ql3.2-ql3.3, said molecule encoding the transmembrane domain 
2 of the a4 subunit of nAChR. 

4. A purified and isolated DNA molecule comprising exon 5 of the CHRNA4 gene 
of chromosome 20ql3.2-ql3.3. 

5. A purified and isolated DNA molecule according to any one of claims 1 to 4, said 
molecule comprising part or all of the DNA sequence shown in Fig 1. 

6. A purified and isolated DNA molecule according to any one of claims 1 to 4, 
said molecule comprising part or all of the DNA sequence shown in Fig 1, but with 
replacement of the normal codon TCC at position 248 with the codon TTC. 

7. A method for diagnosing autosomal dominant nocttunal frontal lobe epilepsy 
(ADNFLE) comprising: 

(a) obtaining a sample of body fluid or tissue from a subject suspected of 
suffering fiom ADNFLE; 

(b) isolating chromosomal material (DNA) from the sample obtained in step 

(a); 
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(c) sequencing the CHRN A4 gene of chromosome 20ql3.2-ql3.3 of the 
chromosomal material isolated in step (b), at least in the region of exon 5; 
and 

(d) comparing that sequence to a reference sequence relating to either a 

5 normal or an abnormal CHRNA4 gene, to thereby determine whether said 

subject has an ADNFLE-inducing mutation of the CIiRNA4 gene. 

8. A method according to claim 7, wherein the ADNFLE-inducing mutation has the 
effect of changing the structure of one of the subunits of the encoded neuronal nicotinic 

10 acetylcholine receptor (nAChR). 

9. A method according to claim 7 or claim 8, wherein the ADNFLE-inducing 
mutation luis the effect of changing the structure of the ion chemnel of the encoded 
nAChR. 

15 

10. A method according to any one of claims 7 to 9, wherein the ADNFLE-inducing 
mutation leads to an amino acid substitution in the transmembrane domain 2 of the a4 
subunit of the encoded nAChR. 

20 11. A method according to any one of claims 7 to 10, wherein the ADNFLE-inducing 
mutation is in exon 5 of the CHRNA4 gene. 

12. A method according to any one of claims 7 to 11, wherein the ADNFLE-inducing 
mutation is at codon 248 of the CHRNA4 gene. 

25 

13. A method according to claim 12, wherein the ADNFLE-inducing mutation is 
replacement of the normal codon (TCQ by TTC. 

14. A method according to any one of claims 7 to 13, wherein the reference sequence 
30 of step (d) is all or part of the DNA sequence encoding the a4 subunit of normal 

nAChR, as shown in Fig 1. 
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15. A method according to any one of claims 7 to 14, substantially as described 
herein. 

16. A method of treating or preventing ADNFLE by administration of a 
pharmaceutical agent which has the effect of augmenting the acetylcholine system. 

17. A method according to claim 16, wherein the pharmaceutical agent has the effect 
of improving the function of the ion chaimel of the a4 subunit of nAOiR. 

18. A pharmaceuticed agent for the prophylaxis or treatment of ADNFLE comprising 
a compound which has the effect of augmenting the acetylcholine system together with 
conventional adjuvants and pharmaceutical vehicles. 

19. A pharmaceutical agent according to claim 18, wherein the phcirmaceutical agent 
has the effect of improving the function of the ion channel of the a4 subtmit of nAChR. 



WOMEN'S AND CHILDREN'S HOSPITAL, 
UNIVERSITY OF BONN and 
UNIVERSITY OF MELBOURNE 
By their Patent Attorneys 
MADDERNS 



Dated this 28th day of June, 1996. 
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ABSTRACT 



The present invention provides a method for diagnosing autosomal dominant 
nocturnal frontal lobe epilepsy (ADNFLE). This method comprises: obtaining a sample 

5 of body fluid or tissue from a subject suspected of suffering from ADNFLE; isolating 
chromosomal, material pNA) from that sample; sequencing tiie CHRNA4 gene of 
chromosome 20ql3.2-ql3.3, at least in the region of exon 5; comparing that sequence to 
a reference sequence relating to the normal CHRNA4 gene; and thereby determining 
whether said subject has an ADNFLE-inducing mutation of the CHRNA4 gene. As an 

10 alternative to comparison with the normal sequence, the sample may be compared to a 
reference sequence relating to the specific abnormality suspected to be present. 
Mutations of interest are those which have the effect of changing the structure of one of 
the subunits of the neuronal nicotinic acetylcholine receptor (nAOiR), more especially 
the ion channel thereof. Of particular interest are mutations at codon 248, which have 

15 the effect of replacing serine by another amino acid (eg phenylalanine) in the sbcth 
amino acid of the transmembrane domain 2 (M2) of the a4 subunit of nAChR. 



MELGGPSAPRIXPPLLLLLGTGLLRAS S H VETRAH AEE RLLKKL 

FSGYNKWSRPVANISDWLVRPGLSIAQLIDVDEKNQMMTTNVWVKQEWHDYKLRWDP 

ADYENVTSIRIPSELIWRPDIVLVNNADGDFAVTHLTKAHLFHDGRVQWTPPAiyKSS 

CSIDVTFFPFDQQNCTMKFGSW TYDKAKIDLVWHHSRVDQLDFWESGEWVIVDAVGTY 

MTRKYECCM:i YPDITYAFVIRif LPLFYTmLIIPC[J.ISCLTVI.VFYLPSEC GEKlfl 

l^jgVIJ'SI'TVFLLLITEIIPSTSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVp HiRS 

I>RTHTHPTWVRRVFLDIVPRLLLMKRPSWXDNCRRI.IESMHXMAi5APRFHFEPEGEP 

PATSGTQSLHPPSPSFCVPLDVPAEPGPSCKSPSDQLPPQQFLEAEKASPHPSPGPCR 

PPHGTQAPGLAKARSLSVQHMSSPGEAVEGGVRCRSRSIQYCVPRODAAPEAOGQAAG 

ALASRHTHSAEI,PPPOQPSPCKCTCKXEPSSVSPSATVKTRSTKAPPPHLPI.SPALTR 

AVBGVQYIADHLKAEOTDFSVKBDWKYVAMVIDRIFLHMFIIVCLLGTVGLFLPPWLA 
GMI 

Fig. 1A The amino acid sequence of the a4 subunit of normal 
nACh R as deposited in the GENBAIMK database. The amino acid 
sequence of the region containing the ion channel is boxed. The 
serine mutated in ADNFLE is arrowed. 



agcccggcgc tcoctgccgc gccgccgccg caccgcgccc cacaggagaa gacgaaccgg 

gcccggcggc cgaagcggcc cgcgaggcgc gggaggcatg aagttgggcg cgcacgggcc 

tcgaagcggc ggggagccgg gagccgcccg catctagagc ccgcgaggtg cgtgcgooat 

ggagctaggg ggccccggag cgccgcgget gctgccgccg ctgctgctgc ttctggggac 

cggcctcctg cgcgccagca gccatgtgga gaoccgggcc cacgccgagg agcggctcct 

gaagaaactc ttctccggtt acaacaagtg gtcccgaccc gtggccaaca tctcggacgt 

ggtcctcgtc cgcttcggcc tgtccatcgc tcagctcatt gacgtggatg agaagaacca 

gatgatgacc acgaacgtat gggtgaagca ggagtggcac gactacaagc tgcgctggga 

cccagctgac tatgagaatg tcacctccat ccgcatcccc tccgagctca tctggcggcc 

ggacatcgtc ctctacaaca atgctgacgg ggacttcgcg gtcacccacc tgaccaaggc 

ccacctgttc catgacgggc gggtgcagtg gactcccccg gccatttaca agagctoetg 

cagcatcgac gtcaccttct tccccttcga ccagcagaac tgcaccatga aattcggctc 

ctggacctac gacaaggcca agatcgeusct ggtgaacatg cacagccgcg t'ggaccagct 

ggacttctgg gagagtggeg agtgggtcat cgtggatgcc gtgggcacct acaacaccag 

gaagtacgag tgctgtgccg agatctaccc ggacatcacc tatgccttcg tcatccggcg 

*:tgocgctc ttctacacca tcaacctcat catcccctgc ctgctcatct cctgcctcac 

ogtgctggtc ttctaoctgc cctccgagtg tggcgagaag atcacgctgt qcatt jtcgqt 

gctgctgtcg ctcaccgtct tcctgctgct catcaccgag atcatcccgt eoacotcacf 

ggtca'tccca ctcatcggcg agtacct gct gttcaccatg atcttcgtca ccctgtccat 

cgtcatcacq gtcttcgtgc tcaacgtcl ea ccaccgctcg ccacqoacgc acaccatqcc 



cacctgggta cgcagggtct tcctggacat cgtgccacgc ctgctcctca tgaagcggcc 
gtccgtggtc aaggacaatt gccggcggct catcgagtcc atgcataaga tggccagtgc 
cccgcgcttc tggcccgagc cagaagggga gccccctgcc acgagcggca cccagagcct 
gcacccgccc tcaccgtcct tctgtgtccc cctggatgtg ccggctgagc ctgggccttc 
ctgcaagtca ccctccgacc agctccctcc tcagcagccc ctggaagctg agaaagccag 
cccccacccc tcgcctgqac cctgccgccc gccccacggc acccaggcac cagggctggc 
caaagccagg tccctcagcg tccagcacat gtccagccct ggcgaagcgg tggaaggcgg 
cgtccggtgc cggtctcgga gcatccagta ctgtgttccc cgagacgatg ccgccccoga 
ggcagatggc caggctgccg gcgccctggc ctctcgcaac acccactcgg ctgagctccc 
acccccagac cagccctctc cgtgcaaatg cacatgcaag aaggagccct cttcggtgtc 
cccgagtgcc acggtcaaga cccgcagcac caaagcaccg cccccgcacc tgcccctgtc 
gccggccctg acccgggcgg tggagggcgt ccagtacatt gcagaccacc tgaaggccga 
agacacagac ttctcggtga aggaggactg gaagtacgtg gccatggtca tcgaccgcat 
cttcctotqg atgttcatca tcgtctgcct gctggggacg gtgggcctct tcctgccgcc 
ctggctggct ggcatgatct aggaagggac cgggagcctg ct 

Fig. IB The DNA sequence of the a4 subunit of normal nAchR as 
deposited in the GENBANK database. The DNA sequence of the 
region containing the ion channel is boxed. Codon 248 (serine 
codon) is arrowed. 
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Fig. 2 Direct sequencing of the missense nnutation in an ADNFLE 
patient. Genomic DNA was annplified with one 5' biotinylated and one 
non- biotinylated exon 5 primer. Single strands were isolated using the 
Dynabeads-M-280 streptavidin system (Dynal) and sequenced with 
an internal primer. The position of the amino acid transition (the normal 
and the mutated nucleotide are present due to the sequencing of both 
alleles) is indicated at the right. 
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Fig.3 Amino-acid homologies in the second transmembrane domain. 
Parts of the nucleotide and amino acid sequence from transmembrane 
domain 2 of the human CHRNA4 gene including the missense 
mutation are shown, compare with amino acid sequences from other 
human a subunits and with subunits from different species (obtained 
from the EMBL database). The position of Ser 248 is indicated by 
boxes. 
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Fig. A Family with autosomal dominant nocturnal frontal 
lobe epilepsy showing individual status for the CHRNA4 
mutation. Nine spouses who married Into the pedigree and 
were negative for the mutation are not shown. 



